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We present the current status of the computation of the form factor
f+(q
2) for the semi-leptonic decay Bs → K`ν by the ALPHA collabora-
tion. We use gauge configurations which were generated as part of the
Coordinated Lattice Simulations (CLS) effort. They have Nf = 2 non-
perturbatively O(a) improved Wilson fermions, and pion masses down
to ≈ 250 MeV with mpiL ≥ 4. The heavy quark is treated in non-
perturbative Heavy Quark Effective Theory (HQET).
We discuss how to extract the form factors from the correlation func-
tions and present first results for the form factor at q2 = 21.23 GeV2
extrapolated to the continuum. Next-to-leading order terms in HQET
and the chiral extrapolation still need to be included in the analysis.
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1 Introduction
Determinations of the CKM matrix element |Vub| from different exclusive (and in-
clusive) decays tend to disagree at the ∼ 2 − 3σ level [1]. Both theoretical and
experimental improvements are needed to clarify the situation.
In this work, we report on our ongoing effort to non-perturbatively determine the
form factors for Bs → K`ν decays from Lattice Quantum Chromodynamics (LQCD)
with Nf = 2 sea quarks. Although no experimental data is available yet for this
decay, the heavier spectator s-quark renders the LQCD computations technically
simpler than for B → pi`ν, and thus provides a good starting point to gain solid
control on all systematic errors (and to make an LQCD prediction).
The decay amplitude for Bs → K`ν is proportional to |Vub| times the hadronic
matrix element
〈
K(pK)
∣∣Vµ∣∣Bs(pBs)〉 of the vector current Vµ(x) = ψu(x)γµψb(x). The
matrix element is parametrised by two form factors, f0(q
2) and f+(q
2), which depend
on q2 = (pBs − pK)2, the invariant mass of the lepton pair. In the limit of vanishing
lepton masses only f+(q
2) contributes to the decay rate.
|Vub| can then be determined by combining the differential decay rate from ex-
periment with f+(q
2) from theory. In principle, it is sufficient to do this at a single
value of q2. In practice, experimental data is provided over a range (of bins) of q2,
and one can use the BCL paramterisation [2] to express the form factor f+(q
2) as a
continuous function of q2. Then, a theoretical prediction of f+(q
2), e.g. from LQCD,
for at least a single q2 allows to extract |Vub|.
Here we report on preliminary work to study the feasibility of a precise determi-
nation of the form factor in the continuum limit and at a fixed q2.
2 HQET on the lattice
On the lattice (with spatial extent L and lattice spacing a) the large mass of the b
quark gives rise to a hierarchy of scales
L−1  mpi ≈ 140 MeV mB ≈ 5 GeV a−1, (1)
which cannot be directly simulated with present computing resources. Instead, we
follow the strategy devised by the ALPHA collaboration [3] to treat the heavy quark
within the framework of non-perturbative Lattice HQET. It is an expansion in inverse
powers of the heavy quark massmh and valid for kaon momenta pK  mh. In practice,
we require pK . 1 GeV. A key feature of Lattice HQET is that it is (believed to be)
non-perturbatively renormalisable order by order in 1/mh, and thus the computations
have a well-defined continuum limit. The expectation value of a product of local fields,
O, up to and including O(1/mh) in HQET on the lattice is
〈O〉 = 〈O〉stat + ωkina4
∑
x
〈OOkin(x)〉stat + ωspina4
∑
x
〈OOspin(x)〉stat , (2)
1
where 〈. . .〉stat is the expectation value in the static approximation. On the right hand
side, also O needs to be expanded in 1/mh, for instance,
VHQETk (x) = Z
HQET
Vk
[
Vstatk (x) +
4∑
j=1
cVk,jVk, j(x)
]
, (3)
for the spatial components of the vector current, and analogous for V0. The HQET
parameters ωkin, ωspin, and cVµ,j are of order 1/mh, while Z
HQET
V0
and ZHQETVk are of
order 1. They can be determined fully non-perturbatively by matching HQET and
QCD [4]. Thus, perturbation theory can be avoided at any stage of the computation.
Since the non-perturbative matching is still in progress, we present in this ex-
ploratory work only results in the static approximation, i.e. setting ωkin = ωspin =
cV = 0. For the renormalisation constants we follow the lines of [5, 6] and write Z
HQET
as a product of matching factors, CPS or CV, which are known at three loops in per-
turbation theory [7], and ZstatA,RGI which is known non-perturbatively [8]. Truncation
of the lattice theory at static order is expected to be a 10-20% effect.
To perform the continuum extrapolation of the form factors at a fixed value of
q2, we employ flavour twisted boundary conditions [9] for the s quark, ψ(x + Lkˆ) =
eiθkψ(x). In this way, the quark momentum is altered from ~p = 2pi~n/L to ~pθ =
(2pi~n + ~θ)/L, with ~n ∈ N3. Choosing the twist angle θk, one can freely tune the
momentum of the s quark, and thus of the kaon. The heavy quark is twisted by the
same angle to remain in the rest frame of the Bs meson.
Our computations are performed on gauge field ensembles generated with Nf = 2
dynamical sea quarks within the CLS effort. They use non-perturbatively O(a)-
improved Wilson fermions and the scale is set via fK [10]. All ensembles have mpiL &
4. In this work, we present results from measurements on the three CLS ensembles
A5, F6 and N6. Their properties are listed in ref. [10]. Error estimates take into
account correlations and autocorrelations [11].
3 Computation of the form factor
On the gauge configurations we measure the two- and three-point correlation functions
CK(x0 − y0; ~p) =
∑
~x,~y
e−i~p·(~x−~y)〈P su(x)P us(y)〉, CBij(x0 − y0;~0) =
∑
~x,~y
〈P sbi (x)P bsj (y)〉,
C3µ, j(tK, tB; ~p) =
∑
~xK,~xV ,~xB
e−i~p·(~xK−~xV )〈P su(xK)Vµ(xV )P bsj (xB)〉, (4)
where P q1q2i (x) are interpolating fields, like ψq1(x)γ5ψq2(x), for the mesons. The
subscripts i or j indicate different levels of Gaussian smearing [12] of the s quark
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in the heavy-light meson, i.e. different trial wave functions. In the limit of large
Euclidean times, tB ≡ x0B − x0V and tK ≡ x0V − x0K, the ratio
f ratioµ, i (tB, tK; q
2) ≡ C
3
µ, i(tK, tB)√
CK(tK)CBii (tB)
eEKtK/2eEBtB/2 (5)
will then give the desired matrix element (for any suitable smearing i)
〈K(pθK)|Vµ|Bs(0)〉 = lim
T,tB,tK→∞
f ratioµ, i (tB, tK; q
2) (6)
Alternatively, we can parameterise the correlation functions as
CK(tK) =
∑
m
(κ(m))2e−E
(m)
K tK , CBij(tB) =
∑
n
β
(n)
i β
(n)
j e
−E(n)B tB , (7)
C3µ, i(tB, tK) =
∑
m,n
κ(m)ϕ(m,n)µ β
(n)
i e
−E(n)B tBe−E
(m)
K tK , (8)
and determine {κ(m), E(m)K } from a fit to CK, and {β(n)i , ϕ(n,m)µ , E(n)B } from a combined
fit to C3µi and CBij. Then, ϕ(1,1)µ is equal to the matrix element of eq. (6). We take
m = 1 and n = 1, 2, i.e. we include the first excited Bs state, but only the kaon
ground state.
In fig. 1 we show the ratio f ratioµ of eq. (5) at fixed tK = 20 as a function of tB. For
comparison, we also indicate the value of ϕ
(1,1)
µ resulting from the fit.
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Figure 1: The ratio f ratioµ (blue points)
and the fit result ϕ
(1,1)
µ (red band) for lat-
tice N6, µ = 0 and fixed tK = 20.
In the rest frame of the Bs meson, the
matrix elements have the form
〈K|V0|Bs〉 =
√
2mBs f‖(q
2),
〈K|Vi|Bs〉 =
√
2mBs p
i
K f⊥(q
2),
where the form factors (f‖, f⊥) are related
to (f+, f0). In particular, we have
f+ =
1√
2mBs
f‖ +
1√
2mBs
(mBs − EK) f⊥.
(9)
Fig. 2 shows f+, as extracted from the
fitted ϕ
(1,1)
µ , for different lattice spacings.
Working in the static approximation of
HQET, we are free to keep or drop terms
of order 1/mh in eq. (9) for computing f+.
To illustrate this O(1/mh) ambiguity, we
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show in fig. 2 (and 3) two sets of data points: the upper one corresponds to using
all terms in eq. (9), the lower one to dropping the term proportional to f‖. Once we
include all O(1/mh) terms of HQET, this ambiguity will disappear. For both sets
we show a constant continuum extrapolation and one linear in a2. The latter has by
far the larger error and within this error is consistent with the result of the constant
extrapolation.
In fig. 3, we compare our results from the linear continuum extrapolation of f+(q
2)
to recent results of HPQCD [13] (at their smallest a = 0.09 fm and mpi = 320 MeV).
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Figure 2: Continuum extrapolation of our
data for f+ at q
2 = 21.23 GeV2.
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Figure 3: Comparison of LQCD results
at various values of q2.
4 Conclusion
We presented the current status of our computation of the form factor f+(q
2) for the
semi-leptonic decay Bs → K`ν at a fixed value of q2 = 21.23 GeV2 using HQET on
the lattice. We compare two different methods to extract the form factors, either
from the plateau value of a suitable ratio of correlators, or from a simultaneous fit to
the functional form of the correlators.
We also have performed a continuum extrapolation of our lattice data and find
small O(a2) effects. The preliminary results reported here are still computed in the
static approximation and an extrapolation to the physical pion mass has yet to be
performed. Our preliminary value of f+ at this stage is in rough agreement with the
results from other collaborations.
All O(1/mh) effects of HQET will be included in the analysis once the HQET
parameters are known non-perturbatively. We also plan to extend the computation
to B→ pi`ν decays, several values of q2, and Nf = 2 + 1 flavours of sea quarks.
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